The microstructure and corrosion behaviour of the thermite reaction coatings for the systems of Al-CuO-SiO 2 , Al-Cr 2 O 3 -SiO 2 , and AlTiO 2 -SiO 2 that produced by laser cladding on aluminium alloy 7075 have been studied. The results of the XRD analysis show that in all the three reaction coatings, -Al 2 O 3 and -Al 2 O 3 phases were present together with various intermetallic phases and the corresponding reduced metal. A comparison of the polarisation curves of the untreated and the various coated specimens shows that except for the Al-CuO-SiO 2 system, the corrosion current density of the coated specimens was one order of magnitude lower than that of the untreated specimen, also a higher corrosion potential was obtained. The inferior corrosion resistance of the Al-CuO-SiO 2 system is attributed to galvanic corrosion occurred between the reduced metal, the intermetallic compounds and aluminium.
Introduction
High-strength aluminium alloy 7075 based on the Al-ZnMg-Cu system has been widely used in aircraft and heavy stress-bearing engineering structures. But unfortunately, it is susceptible to pitting corrosion, stress corrosion cracking, and corrosion fatigue. [1] [2] [3] These problems can lead to serious uncertainties in application of the alloy. This together with the relatively poor wear resistance of the 7xxx series alloys have to certain extent limited the commercial exploitation of these alloys. Currently, corrosion of high-strength aluminium is mainly protected by the application of corrosion protective systems including inhibitors, anodising, conversion coatings, primers and paint finishes. It is considered that laser surface cladding would provide another alternative that might address the deficiencies with regard to the poor corrosion and wear properties. One distinct advantage of using laser cladding is that it can be employed specifically to those areas which might be at risk and a relatively thick coating can be obtained. A few studies 4, 5) have succeeded in employing laser melting to produce Al 2 O 3 -bearing coatings on aluminium alloys with Al and SiO 2 or Cr 2 O 3 metal oxide powders through thermite reactions. On the other hand, our preliminary study on the subject showed that CuO oxide is thermodynamically more favourable than the other two oxides for producing a reaction coating of Al 2 O 3 with good interfacial bonding achieved. 6, 7) To our knowledge, no paper on the corrosion and wear properties of such laser cladded aluminium alloys has been published. This paper compares the corrosion properties of aluminium alloy 7075 that coated with an Al 2 O 3 -bearing layer. The coating was formed by means of thermite reactions between aluminium powder and metal oxide powder of CuO/Cr 2 O 3 /TiO 2 . In the experiment, SiO 2 powders were also added to slow down the exothermic reactions, without which the reactions were found to be too violent.
Experimental Method
The different mixed powders (Table 1) were pre-placed on an Al-7075 alloy substrate using a pasting binder. The nominal powder size was of 70 mm; the thickness of preplacement was approximately 3 Â 10 À4 m. A high-power PRC CW-CO 2 laser was employed for track melting under an Ar-shielding atmosphere. The diameter of the laser spot and the laser power were kept constant at 2 Â 10 À3 m and 1800 W, respectively; while a laser scanning speed of 3 Â 10 À3 m/s was employed. The substrate was water-cooled during the laser cladding process. The corrosion properties of the materials were evaluated by means of potentiodynamic polarisation tests. The electrolyte used was a 3.5 mass % NaCl solution, and the potential was expressed with respect to a saturated calomel electrode. All the specimens were immersed in the electrolyte for 3600 s before the scanning started at 0.350 V below the open circuit potential at a scanning rate of 1 Â 10 À4 V/s. Figure 1 shows some typical examples of the reaction coatings formed on the 7075 substrate. For most cases, a good bonding was observed between the top reaction coating and the fusion zone (Fig. 2) ; while epitaxial crystal growth was always observed at the fusion zone-substrate interface (Fig. 3) . As a result of the rapid cooling of the process, those relatively coarse constituent particles that were present in the wrought structure were eliminated and are absent from the fusion zone. Figure 4 shows the XRD results of the clad surface of the Al-TiO 2 -SiO 2 system, in which a number of titanium aluminide phases were present. The results of the XPS analysis confirm the presence of Al, Ti, and Al 2 O 3 in the reaction coating (Fig. 5) . The XRD results for the three systems are summarised in Table 2 . In all the specimens, -Al 2 O 3 and -Al 2 O 3 phases were present. A comparison of the polarisation curves of the untreated and the various surface coated specimens is presented in Fig. 6 . The curves of the reaction coated specimens were shifted to the left and moved upward with respect to that of the untreated specimen, except for the Al-CuO-SiO 2 system. This resulting in a significant reduction in corrosion current density (i corr ) and made nobler of the coated specimens, except for the Al-CuO-SiO 2 system. Table 3 summarises the corrosion properties of the untreated and coated specimens. The results show that except for the Al-CuO-SiO 2 system, the corrosion current density of the coated specimens was some one order of magnitude lower than that of the untreated specimen, also a higher corrosion potential (E corr ) was obtained. However, no apparent passive region was obtained for all the coated specimens. It is believed that the reaction coatings are not homogenous and contain various intermetallic phases and the reduced metals. It is obvious that the potential difference between the various types of phases in the reaction coating will result in different forms and degrees of electrochemical processes and possibly galvanic corrosion attacks. Such an effect was reported by Petrov. 8) Moreover, micro-cracks were found in the coatings [insert in Fig. 1(a) ], which will undermine the integrity of the coatings and could lead to crevice corrosion. In the case, if the crack runs through the entire coating, then corrosion attack at the interface between the coating and the fusion zone can occur readily.
Results and Discussion
Indeed, galvanic corrosion attack can occur readily in the reaction coating. For example, in considering the Al-CuOSiO 2 system, the reduced Cu metal, the Al 2 Cu and Al 4 Cu 9 intermetallic compounds are cathodic with respect to aluminium. This will cause the anodic aluminium be gradually dissolved away and resulting in serious corrosion pits. A corroded specimen shown in Fig. 7 demonstrates that it was suffered from serious pitting corrosion attack, and this perhaps explains partially the poor corrosion resistance of the Al-CuO-SiO 2 system. The situation was much improved for the Al-TiO 2 -SiO 2 and Al-Cr 2 O 3 -SiO 2 systems (Fig. 8 ) of which only isolated corrosion pits were observed. Since the microstructure and phase distribution in the reaction coatings are very complex, an in-depth study using TEM is necessary before the corrosion behaviour can be satisfactory explained. The reason as to why the systems of Al-TiO 2 -SiO 2 and AlCr 2 O 3 -SiO 2 performed much better than the Al-CuO-SiO 2 system is at this stage not fully understood. However, for the Al-TiO 2 -SiO 2 system, it was considered that the small potential difference between the reduced Ti and Al 9) might help to lessen the degree of galvanic attack. With regard to the Al-Cr 2 O 3 -SiO 2 system, chromium is easily polarised cathodically in mild environments, so that the corrosion current was small despite the relatively large difference in the Table 2 XRD results of the reaction coatings.
Reaction systems
Phases detected open-circuit potential between Cr and Al. 10) Also, CrOOH and/or Cr 2 O 3 formed at the surface are insoluble and can inhibit further galvanic corrosion. However, the improvement of resistance to pitting corrosion was limited because there is a potential difference between the various Cr-Al intermetallic phases and Al, which could result in the formation of local galvanic cells. 11) It is apparent that the resistance to pitting corrosion of aluminium alloy 7075 can be increased by forming a reaction composite coating at the surface. A further improvement is expected if the reaction coating formed is free from microcracks. Also, if the microenvironments in the composite coatings can be better controlled so as to discourage electrochemical reactions, then naturally, the pitting resistance will increase. It is believed that the latter problem can be addressed by a deeper understanding of the evolution of phases occurs in the thermite reactions. With regard to the former problem, it could be solved by proper process control. system, exhibited corrosion resistance superior to that of the uncoated aluminium alloy 7075: the corrosion current was lowered by one order of magnitude and a higher corrosion potential was obtained. (iii) The corrosion resistance of the reaction coatings is largely controlled by the potential difference between the various phases produced by the thermite reactions and the integrity of the coatings.
Conclusions

